SEP. 9. 2004 4:HPM BWT LLP (BERKELEY) 



NO. 860 P. 5 



This listmg of claixos will replace all prior versioxis, and listings, of claiixis in the 
application: 

Listing o f maitiig; 

L (currently amended) A system for cleaning semiconductor wafers, the system comprising: 

a solvent delivery mechanism conJEigured to provide a supercritical cleaning solution; 

a process vessel in downstream fluid communication with tiie solvent delivery 
mechanism, said process vessel comprising a wafer siqiport that includes: 

a plurality of point contacts cmi^fnti^A to support the wafer or plurality of 

wafers wiiile ma3dtif> miTiiTnal rriTii^n t with the wafer or plurality of wafers: and 

a pl^iralitv of wafer ^des configured to position the wafer or plurality of 

wafers in the wafer support wherein each of the plurality of wafer guides I's 
inclined ;il an angle of between about 60 and 85 degrees to the vertical 
(pcTpendiinilar to the wa fer support surfaced and is arranged around the 
peripher y of the w^afer or each of the plurality of wafigg : and 

a recirculation system in fluid communication with the process vessel, said 
recirculation system comprising at least one flow distribution element 
configured to allow the supercritical cleanizig solution to recirculate through the 
process vessel such that a flow field is established over at least one surface of a 
wafer or a plurality of wafers in the wafer support to thereby clean the surface 
or surfaces that contact the flow field. 

2. (currently amended) The system of claim 1, wh««in the solvent delivery mechanism 
comprises: 

a source of a sub-critical cleaning solvent or a sub-critical cleaning solution in a liquid 
state; 

an inlet configuiied to receive the sub-critical cleaning solvent or the sub-critical cleaning 
solutiOT and deliver it tod;]] a supercritical solution generator configured to convert 
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tiie sub-critical cleaning solvent or the snb-criticai deauing solution into the 
sapeicritical cleaning solution; and 

an outlet configured to deHver flie si^ercritical cleaning solution from the supercritical 
solution generator to fixe process vessel. 



3. (original) The system of claim 2, fUither comprising an additive deKvery mechanism, said 
additive delivery mechanism configured to provide a chemical additive to at least one of the sub- 
critical cleaning solvent, the sub-critical cleaning solution, or the supercritical cleaning solution. 

4. (odgmal) The system of claim 2, wherdn the supercritical solution generator comprises: 

a pmnp configured to pressurize the sub-critical cleaning solvent or the sub-critical 
cleaning solution to at least its critical point; and 

a heat exchanger in fluid communication wifb. tiie pump, said heat exchanger configured 
to heat ths sub-critical cleaning solvftjl or the sub-critical cleaning solution to at 
least its critical temperature. 

5. (original) The system of claim 4, farfha cornprising: 

a pressure saisor configured to measure die pressure in the process vessel; and 

a pressure controUer configured to control the pressure in tiie process vessel in response 
to pressure information fix>m the pressure sensor; 

wharein control is achieved by adjustment of at least one of the pump and flie heat 
exchanger. 

6. (currentiy amended) The system of claim 4, wherein the solvent deUvery mechanism 
fiirther conq>rises a buffer vessel in downstream fluid communication with the heat exchanger, said 
bufSsr vessel enable of simng between about 5 and 25 times the volume of the supercritical 
cleamng sohition than the oombiao d- v olume of the process ^-rmnl nnd fhn rrrirnilnfioix lmlLujh. 

7. (original) The ^ratem of claim 6, fiirflier conqmsins: 



PAGE 017* RCVD AT mot 7:10:07 PM [pastern Daylight Time]* SVR:USPTO{F](RF-110< DlflS:8729306*CSiD:151^ (inin-s$):04-34 



SEP. 9.2004 4:14PM BWT LLP (BERKELEY) " ""NO. 860~ P. 7 '• 



a fiist pressure sensor configured to measure the pressure in lie process vessel; 
a flow control valve in downstream fluid communication with the bufEfer vessel; and 
a first pressur.s controUer configured to control tiie pressure in the process vessel in 
response to pressure information torn the first pressure sensor; 
wherein control is adiieved by actfustment of the flow control valve. 

8. (original) The system of claim 7, fiirther comprising; 

a second pressure sensor configured to measure the pressure in the buffer vessel; and 
a second pressure controller configured to control the pressure in the buffer vessel in 
response to pressure infotxnation ftom the second pressure sesosor, 

wherein control is achieved by adjustmeat of at least one of the pump and the heat 



exchanger. 



9. (original) The system of claim 3. wherein the recirculation system comprises the additive 
deHvery mechanism, said additive deUvery mechanism configured to provide the chemical additive 
to liie supercritical cleaning solution. 

10. (original) The system of claim I, wherein the recirculation system con^rises: 

a punq> configured to move the supercritical cleaning solution through ihe recirculation 
system; 

an inline static mixer configured to provide a circuitous path to the supercritical cleaning 
solutiorL 

11. (original) Thesystemof claim 10, wherein the recirculation system fiirther oonqjrises: 

a first particulaie filter in iq)slTeam fluid communication with the pump, said first 
particulate filter configured to remove particulates fiom the supercritical cleaning 
solution before said supercritical cleaning solution enters the pump; and 
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a second particulate filter in iq>stieam fluid communicatioii with tbe process vessel, said 
filter configuied to remove particulates fiom the supercritical cleaning solution 
before said supeiccilical cleaning solutian enters the process vessel. 

12. (original) The system of claim 11, wherein the recirculation system fiirther comprises a 
differential pressure trans-lucer configured to measure the pressure in the recirculation system at a 
point upstream &om. die first particulate filter and at a point downstream fiom the second particulate 
filter. 



13. (original) The system of claim 12, whaein pressure iofbimation from the differential pressure 
transducer is used to coniiol flow of the supercritical cleaning solution through the recirculation 
system. 



14. (original) The system of claim 1, wherein the recirculation system comprises isolation valves 
for stopping fluid communication of the recirculation system witih the process vessel. 

15. (origmal) The system of claim 1, fiirther comprising a depressurization system configured to 
vent the supercritical cleaning solution fix>m fh© siystem. 

16. (original) The system of claim 15, wherein the depressurization system is configured to vent the 
si^eroritical cleaning solution from the process vessel. 



17. (original) The system of claim 15, wherein the depressurization system comprises a plurality of 
control valves in paraUel fluid communication, said plurality of control valves comprising: 

a first exhaust flow control valve configured to meter the release of the siq)ercritical 
cleaning s^olutioa no fester tlian said siq>ercritical cleaning solution can be 
introduced into the process vessel by the solvent delivery mechanism; 

a second eschaust control valve having a higher flow coefficient than die first exhaust 
control vah'e; and 
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a dvaap valve having a id^er flow coefficient than the second exhaust conttDl valve. 



18. (original) The system of claim 15, further ciomprising a solvent recycle system in downstream 
fluid commimication with the d^ssmization system, said solvent recycle system configuied to 
c^tuie v^or resulting from release of the superraitical cleaning solution by the depressurization 



19. (previously presented) The system of claim 18, wheran the solvent recycle system is further 
configuied to purify sub-ciitical media after csptaie to produce a recycled solvent. 

20. (previously presented) The system of claim 19, wherein the solvent recycle system is further 
etafigored to deliva: the recycled solvent to the solvent deKvery mechanism for use in production of 
the siq>ercritlcal cleaning si^hidon. 



21. (previously presented) The system of claim 19, wherein the solvent recycle system further 
comprises at least one of a filter, a distillation device, a Kquid-gas separation device or a semi- 
pemaeable membrane to puriQr the sub-critical media. 

22. (original) The system of claim 1, wherein flie process vessel comprises a first and a second 
plate, which virbaa. mated create a process cavity that oicloses flie wafer support 

23. (original) The system of claim 22, wherein the process vessel comprises a corrosion resistant 
materiaL 



24. (original) The system of claim 23, wherein the corrosion resistant material comprises at least 
one of stainless steel, alu minum, titanium, hastelloy, and a nickel-iron alloy. 

25. (original) The system of claim 22, wherein the process cavity has a plurality of plenums 
configured to receive the si9)ercritical cleaning solution from a process vessel inlet. 

7 

PA6Etf17* RCVD AT mm 7:10:07 PM [Eastern Daylight Time]' SVR:USPTaEF}(RF-11D' DNiS:8729306*CSID:1St0M36203'DlffiATK)N (inm-ss):04^ 



SEP. 9.2004 4:15PM BWT LLP (BERKELEY) " NO. 860 P. 10 



26. (origiQal) The systeir, of claim 22, wherem the process vessel further compiises: 

a slot configunjd to allow insertion of the wafer or the plurality of wafers into the process 
vessel; and 

a door mechanism configured to seal the slot while the process vessel is charged with the 

si^erczitli^ sotutiosu 



27. (original) Hie system of claim 26» wherein the door mechanism comprises a sealing mechanism 
confignred to allow mtemal pressure in the process vessel to reinforce its sealing abiUty. 

28. (original) The ^'stem of daim 22, further comprising: 



prmxaiy seal configured to form a fluid-tight seal between the first and second plate 
when mated; an<T 



a secondary seal configured to form a fluid^ti^t seal between the first and second plates 
when mated. 



29. O»eviouslypresented) The system of claim 28, wherein the primary seal is a pressure^ 
energized bore seal. 



30. (original) The system of claim 28, wherein the primary seal is a spring-energized U-cup seal. 



31. (original) The system of claim 28, wherein (he secondaiy seal comprises two or more distinct 
sealing members. 



32. (original) The system of claim 28. wherem the secondaiy seal comprises at least one of a metal 
gasket, an elastomeric O-ring, a spring-energized U-ctqj, a T-seal. and a back-up seal. 
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33. (previously presented) The system of claim 28. xvherein the primary and secondaiy seals 
comprise at least one of VlrONt«, EPDM, siHcone, KALREZ>«. CHEMRBZtm. polyurethane. 
flueropolymer, alxaniimm, brass, copper, stainless steel, and nickel. 

34. (curreatly amended) The system of claim 32, wherein the back-up seal comprises at least 
one of fiberglass-reinfoiced plastic, polyvinyl cbloridoryvdf Kynoi-, m4.Delrin. 



35. (original) The system of claim 25, further comprising a phirality of flow distribution manifolds 
each dimensioned to mate with one of the plurality of plenums, when mated, said phiiality of 
plenums and flow distribution manifolds are configured to create the flow field. 



36. (original) The system .5f claim 35, wherein each of the plurality of flow distribution manifolds 
comprises a plurality of holes configured to direct flow of the supercritical cleaning solution fiom its 
correspQnding pleniim to the process cavity. 

37. (original) The system of claim 35, wherein each of the plurality of flow distribution manifolds 
comprises a plurality of grooves configured to direct the flow of the supercritical cleaning solution 
fiom its corresponding plenum and cwto an interior sur^e of the process cavity before flowing onto 
said at least one surface of 1]ie wafer or plurality of wafers. 



38, (original) The system cf claim 37, wherein each of the plurality of grooves comprises betwem 
about S and 72 grooves. 



39. (original The system of claim 38, wherein the angular interval between grooves is between 
about 5 and 45 degrees. 

! 

40. (origmal) The systaa of claim 39, wherein the angle of tangenoy is between about 15 and 75 
degrees. 
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41. (original) -nie system of claim 35. wherein the plmaHty of flow distribution manifolds comprise 
at least one of stainless steel, hastalloy, alnmiman. tftanimn, and nickel-iron alloys. 



42. (canceled) 

43. (cuirenfly amended) The system of claim-»3 L wherein the plurality of point contacts and 
wafer guides comprises at least one of quartz, mby. s^hire, ceramic alumina, ahnninum, and 

titdniucn. 

44. (original) The system of claim 1. wherein the wafer support comprises a wafer rotation 
mechanism, the wafer rotation mechanism configured to allow rotation of the wafer or plurality of 
wafers during pzocessing. 



45. (original) The system of claim 44, wherein the wafer rotation mechanism conqoises a 
ma^etically coii^led drive. 

46. (ipreviously presented) The system of claim 1. -w^erefai the recirculation system is configured 
such ibat the flow field prDduces q>proximately equal fluid pressure and flow dynamics on both 
sides of the wafbr or pluralivy of wafers. 

47. (origin«iI) The system of claim 1, wherein the process vessel conqmses a heater configured to 
heat one or more walls of the process vessel. 

48. (original) The system of claim 1, wherein the recirculation system comprises a heater 
configured to maintain the temperature of the siqjercritical cleaning solution as it traverses the 
recirculation system. 



49. (original) The system of claim 3. wherein the process vessel comprises the additive delivery 
mechanism, said additive deUvery mechanism configured to provide the chemical additive to the 
supercritical cleaning solution. 
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50. (ariginaD Hie system of claim 3. whaeixi the solvent delivery mechanism comprises the 
additive delivery mechaiii.im, said additive delivery mechanism configured to provide tbe chemical 
additive to the strporrilical cleaning solution. 

51. (original) The system of claim 3, wherein the rediculation system comprises the additive 
deHvery mechanism, said ;idditive deUvery mechanism configuied to provide liie chemical additive 
to a solvent to produce the sub-critical cleaning soludoa 



52. (original) The system of claim 3, wherein the additive deHvery mechanism comprises a syringe 
pump configured to deEver a liquid to the supetxsritical cleaning solution without the supercritical 
cleaning solution, losing its siqjercritical state. 



53. (original) The system of claim 6, wherein the buffer vessel comprises a heater configured to 
maintain the tempeacature oS the sjq)ercritical cleaning solution in the buffer vesseL 

54. (original) The system of claim 1, fiiitJxer conqaising a ptilsing mechanism coupled to at least 
one of the recirculation sysism and the process vessel, said pulsing mechanism configured to control 
file pressure of the supacritical cleaning solution to whidi flie wafer or plurality of wafers are 
exposed in manner that provides a pulsed pressure distribution. 

55. (origmal) The system of claim 35, wherein the of plurality of flow distribution manifolds 
further comprises a pluraliiy of contoured surfeces configured to mediate the flow field. 

56. (original) The system of claim 55, wherein the pluraUty of contoured surfeces comprises at least 
one of fins, chevrcms, bafiOes-, convexities, and concavities. 



57. (canceleoQ 
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58. (origmal) The system of claim 11, wherein the first and second particulate filters are self- 
cleaning filters. 



59. (original) The system of claim 35, wherein at least one of the plurality of flow distribution 
manifolds is a showediead. 

60-111. (cancelled) 

112. (new) A system for cleaning semiconductor wafers, the system comprising: 

a solvent deUvers' mechanism configured to provide a supercritical cleaning solution, 
wherein the solvent delivery mechanism comprises: 

a source of a sub-critical cleaning solvent or a sub-critical cleaning solution in a 
liquid stato; 

an inlet configured to receive the sub-<aitical cleaning solvent or the sub-critical 
cleaning siahition and deliver it to a sup^critical solution g^erator configured to 
convert Ihe sub-critical cleaning solvent or the sub-critical cleaning solution into the 
supercriticiil cleaning solution, wherein the supercritical solution generator 
compnses: 

a pump configured to pressurize the sub-critical cleaning solvent or the 
sub-critical cleaning solution to at least its critical point; and 

a heat exchanger in fluid commmxication with the pump, said heat 
exchanger configured to heat the sub-critical cleaning solvent or Uie sub- 
critiail cleaning solution to at least its critical temperature; 

an outlet configured to deliver the siq>ercritical cleaning solution fiom the 
siq>ercritical solution generator to a process vessel; and 

a buffer vessel in downstream fluid communication with the heat exchanger, 

the process vessel in downstream fluid communication with the solvent delivery 
mechanism, said process vessel comprising a wafer support; and 

a recirculation system in fluid communication with the process vessel, said 
recirculation system comprising at least one flow distribution element 
configured to allow the siq)ercritical cleaning solution to recirculate through the 
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process vessel such that a flow field is established over at least one surface of a 
wafer or a plurality of wafers in the wafer s:iq>port to thereby clean title sur&ce 
or sur&ces that contact the flow field; 

wherein the bufiEer vessel is enable of storing between about 5 and 25 times the volume 
of supercritical solution Hx^t the process vessel can store. 

1 13. (new) A system for cleaning semiconductor wafers, tiie system comprising: 

a solvent delivsry mechanism configured to provide a supercriticdl cleaning solutioz^ 

a process vessel in downstream fluid communication with the solvent delivery 
mechanism, said process vessel comprising a wafer support; and 

a recirculation system in fluid communication with the process vessel, said 
recirculation system comprising: 

at least one flow distribution elemmt configured to allow the si^eroritical 
cleajiing solution to recirculate through the process vessel such that a flow 
field is established over at least one surface of a wafer or a plurality of 
wafers in the wafer support to tiiereby clean the surface or sur&ces that 
contact the flow field; 

a pun^ configured to move the supercritical cleaning solution through the 
recixculation system; 

an inline static mixer configuri&d to provide a circuitous path to the supercritical 
cleaning solution 

a first particulate filter in upstream fluid communication with the pimip> said first 
particnlate filter configxired to remove particulates firom the supercritical 
cleatdng solution before said supercritical cleaning solution enters the pump; 

a second ]:«articulate filter in upstream fluid communication with the process vessel, 
said filter configured to remove particulates from the supercritical cleaning 
solution before said si^sercritical cleaning solution enters the process vessel; 
and 
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a dififerential pressure tramducer configured to measure the pressure in tiie 
redjxulatioii system at a point xtpstream from the fiiist particulate filter and at 
a point downstream firom the second particulate filter. 
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